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Summary   
Background・Developmentofbrainacidosisisconcernedduringprolongedhemor－  
rhagichypotensionduetoblood．brainbarrierdisruPtion，eVenthoughcerebralblood  
且owismaintained．ThereispossibilitythatPaCO2manlPulationa鮎ctsbrainacidosis  
induceddeteriorationofcerebraloxidativemetabolismbyinfluencingthebrainacid－  
baseequilibrium．  
Methods．Adogmodelofhemorrhagichypotensionwasused・Meanarterialpressure  
waskeptatthelowerlimitofautoregulationtoassuremaintainedcerebralblood  
flow．OneofthreedifferentPaCO2manlPulations，hypocapnla，nOrmOCaPniaorhy－  
percapnla，WaSaPPliedduringhypotensionandtheeffbctofPaCO2manipulationson  
cerebraloxidativemetabolismwasestimated．  
Resu］ts．Cerebralbloodflowandcerebralmetabolicrate払roxygenremainedunal－  
teredduringhypotension・BrainacidosiswasdevelopedregardlessofthePaCO2ma－  
nlPulationused，beingmostacidoticwithhypercapnia・HypercapnlaWaSaCCOmPanied  
byaslgnificantdecreaseinphosphocreatinineandanincreaseintheL／Pratiocom－  
paredtohypocapniaandnormocapnia・  
Conc［usions．PaCO2manlPulationdifEerentiallya鮎ctscerebraloxidativemetabolism  
duringhemorrhagichypotensionwithpreservedcerebralbloodAow，beingworsewith  
hypercapnla．   
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ofclinicalimportanceasitserveStargetVenti－  
1atorymodeduringanestheticmanagement．   
Accordingly，WeeXaminedthisissuebyus－  
ingadogmodelofhemorrhagichypotension  
with maintained CBF．Maintenance ofCBF  
as a controIvalue was assuredbykeeplng  
MAPattheLIJAlevelduringthehypotensive  
Period．Thisprotocolalsoeliminatedthecon－  
foundingfactorofcarbondioxidereactivityof  
CBFandallowedustoobserveonlythePaCO2  
eff6ct oncerebraloxidative metabolism．One  
OfthreePaCO2COnditions，hypocapnia，nOr－  
mocapnla，Orhypercapnla，WaSaPPliedduring  
hemorrhagichypotensionandcerebraloxida－  
tive metabolism related measurements were  
Performed．Wehypothesizedthathypocapnla  
wouldpreventfurtherdeteriorationofcere－  
braloxidativemetabolismcomparedtoother  
PaCO2COnditionsbycounteractingbrainaci－  
dosisprogression．  
Methods  
Approvalforouranimalstudywasobtained  
from theInstitutionalAnimalLaboratory  
CommitteeofYamagataUniversitySchoolof  
Medicine．Twentymalemongreldogs，Weigh－  
ingbetween9．O and13．2kg（withamean  
bodyweightofll．2kg）wereenrolledinthe  
study．Dogsweremadetofastovernight，but  
wereallowedfreeaccesstowater．Anesthesia  
wasinduced with anintravenous bolus dose  
of5mgkg－1ketaminealongwithO・2mgkg－1  
PanCurOniumtofacilitatetrachealintuba－  
tion．Anesthesiawasmaintainedthroughout  
theprocedurewithacontinuousinfusionof  
ketamineattherateof2mgkg・1h・1andpan－  
curoniumatO．1mgkg－1hTl．Aftertracheal  
intubation，thelungsweremechanicallyven－  
tilated，theminuteventilationbeingadjusted  
lntroduction  
Severehypotensionduetohemorrhageisa  
Pathologicalconditionthatoccursfiequently  
intheclinicalpracticeofanesthesia．Hemor．  
rhagichypotensioncausesredistributionof  
blood点owtoimportantorganslikeheartand  
brainattheexpenseofothertissuesl）・This  
COmPenSatOrymeChanismleadsto systemic  
lacticacidosis，Whilecerebralbloodf w（CBF）  
ismaintainedinsofarasmeanarterialpres義  
Sure（MAP）iskeptabovethe owe limitof  
autoregulation（LLA）2）．Becausepermeability  
Oftheblood－brainbarrier（BBB）tohydrogen  
ionsislow3，4），itisunlikelythatsystemicaci－  
dosisdirectlyinauencesonthebrainacid－base  
equilibrium．However，P Olongedh morrhagic  
hypotension，MAP40mmHgfor＞20min，  
hasbeenshowntocauseBBBdysfunctionto  
increasepermeability4）．Therefore，develop－  
mentofbrainacidosisbytransmittedhydro－  
genionsfromcirculatingblood，isconcerned  
Whenhemorrhagichypotensionpersists，eVen  
thoughCBFismaintained．   
Brainacidosispromotesth rele seofCa2十  
丘omintracellular stores toincr aseintracel＋  
1ularCa2＋，WhichimpalrSmitochondrialfunc＊  
tionto deteriorateATP－generativepathway  
Ofoxidativephosphorylationorcerebraloxi－  
dativemetabolism5）．Becausecarbondioxide  
easilypassesthroughtheBBBandpenetrates  
cerebralvesselsmoothmuscles8），thereispos・  
SibilitythatPaCO2manlPulationaltersthe  
brainacid．base equilibriumandthusin u－  
ence on cerebraloxidative metabolisminthis  
Clinicalsituation．How ver，thisissue has  
notbeeninvestigated．Clari＆ ngtheeffectof  
PaCO2manlPulationoncerebraloxidativeme－  
tabolismduringhemorrhagichypotensionis  
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tomaintainPaCO2at20mmHg．Carbondi．  
0Ⅹidewasexternallyaddedtotheanesthesia  
CircuittomaintainthePaCO2between35and  
40mmHgduringsurgicalpreparation．The  
fractionofinspiredoxygenwas maintained  
atl．Othroughoutthestudy．Esophagealtem－  
PeratureWaS maintainedbetween37．5and  
38．50Cby servoregulationusing aheating  
Pad．Abilateralcorticalelectroencephalogram  
（EEG）wasmonitoredviaelectrodesinserted  
OntOthefrontalandparietalbones．Lactated  
Ringer，ssolution，5mlkg－1h－1，WaSinfusedto  
PrOVidemaintenance負uidrequlrementS．   
Under aseptic precautions，allsurgical  
fieldswere carefu11yinfiltratedwithl％1i－  
docaine．WiththeanimalinthesuplnePOSi－  
tion，thefemoralarterywascannulatedfor  
blood pressure measurement and arterial 
blood sampling．Both femoralveins were  
Cannulatedfbr drugadministrationandfor  
bloodwithdrawal氏）rtheinductionandmain－  
tenance ofhemorrhag・ic hypotension．The  
animalwasthenturnedproneandplacedin  
thesphinxpositionwiththehead且Ⅹedina  
StereOtaXicframe．Thescalpwasincisedand  
aburrhole～1cmin diameterwas drilledin  
theskullabovetheleft丘ontalcortex，払rlater  
Samplingofbraintissue．The durawasleft  
intact．Avenousoutflowtechniquewasused  
tomeasureCBF．Afterthesagittalsinuswas  
exposed，ataPeredcatheter（2mminternal  
diameter）waspassed2－4mmanteriorlyinto  
theposteriorsagittalsinus，bloodfromhere  
beingreturnedtothe externaljugularvein  
viaanelectromagneticAowprobe6）．Thesiteof  
cannulationwaspackedwithSurgicel⑧．Hepa－  
rin，1mgkgTl，WaSadministeredprlOrtOSinus  
Cannulation，andthesamedosewasrepeated  
hourly．Following surglCalpreparation，a  
30－minintervalwasallowedfbrphysiological  
s abilisation．   
Prior othemainstudy，aPilotstudywas  
P r鈷rmedwithfouranimalstodeterminethe  
LLA under these surgical conditions under 
normocapnia．MAPwasdecreasedinastep－  
Wisefashionfrom60mmHgto30mmHgby  
exsangulnationviathefemoralvenouscathr  
eter．CBFreductionwas observedwhenMAP  
WaSdecreasedtobelow40mmHg．Furtherre－  
ductionofMAPwasrelatedtounstablehemo－  
dynamics．AMAPof40mmHgwastherefore  
COnSideredappropriatetobalancethehemor－  
rhagicinsultandanimaltolerance，andthe  
Val ewas doptedastheLLAinourexperi－  
ment．   
Afterstabilisation，animalswererandomly  
asslgnedtooneofthethreepre－determined  
PaCO2manipulationgroups：P20G（n＝7）as  
thehypocapniagroup，inwhichPaCO2WaS  
mai tained at20mmHg；P40G（n＝7）as  
thenormocapniagroup，inwhichPaCO2WaS  
maintainedat40mmHg；andP80G（n＝6）as  
thehypercapniagroup，WithaPaCO2at80  
mmHg．InP20G，SuPPlementalcarbondioxide  
wasterminated．The carbon dioxidefloww  
regulatedtomaintainthePaCO2at40mmHg  
and80mmHgforP40G andP80G groups，  
resp ctively．Followinganadditiona130－min  
Stabilisationperiod，bloodwaswithdrawnvia  
thefemoralvenouscatheterandtheMAPwas  
low redto40mmHgoverlOminandmain・  
tainedatthislevelfbr60min．Theamountof  
blo dwithdrawnwas57土10mlkg・1，59j＝14  
mlkg・1，and49土7mlkg・1hrP20G，P40Gand  
P80G，reSPeCtiv ly（P＝0．193）．PaCO2COndi－  
t onsineachgroupwererigidlymaintained  
throughouttheexperimentalperiodbyin－  
termittentbloodgas analyses．Physiological  
ParameterS，CBF，a dcerebralmetabolicrate  
for xygen（CMRO2）weremeasuredattwo  
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timepoints：attheendofthefirststabilisation  
Periodandbe払regroup assignment（controI  
Values），andafter60minofhemorrhagichy・  
POtenSion（shockvalues）．Sagittalsinusblood  
WaSSamPled鈷rcontrolandshockvalues，and  
servedasanindicatorforbrainacidosis．   
CBFmeasurementsweremadeusingelec－  
tromagneticprobereadingsandexpressedas  
mlmin－1，duetotechnicaldifncultiesassoci－  
atedwithdyeinjectionstudiesrequiredto  
expressvaluesasmllOOg－1min－1．Thevenous  
Outflowtechniquerepresentsanteriorandsu－  
Periorsurfacesofbothcerebralhemispheres，  
theweightofthebraindrainedbythesagittal  
Sinusbeingreportedas43－48％ofthetotal  
brainweightinthedog6，7）．cMRO2WaSCalcu－  
1atedas：   
CMRO2＝CBF（CaO2－CsO2）／100，  
Where CaO2：arterialoxygencontent and  
CsO2：Sagittalsinusoxygencontent．Thevalue  
WaS dividedbylOOto matchthesystemof  
unitsofCBF，beingexpressedasmlmin．1．   
Attheendof60minofthehemorrhagic  
State，theduraoverlyingthecerebralhemiq  
SPhereswasexcised，andapproximatelylg  
Ofcorticalbraintissuewastakenintoliquid  
ni七rogenwithinls．Animalswereeuthanized  
Withhigh dose halothane administration．  
Braintissuesampleswerestoredat－760C払r  
lessthan12h，thenpreparedibranalysesin  
a．refrigeratedchamber at－250C．Glycolytic  
intermediates andhigh－energyPhosphate  
reserves，including・phosphocreatinine（Pcr），  
inthebrainweredeterminedfluorometrically  
usingpyridinenucleotides andappropriate  
enzymeS．TheL／Pratiowascalculatedfrom  
lactateandpyruvatevalues．Theenergystate  
Ofthebraintissuewasexpressedastheen－  
ergycharge（EC）oftheadeninepoo18）：   
EC＝（【ATP］＋［ADP］／2）／（［ATP］＋仏I）P］＋   
払MP］）  
Stati＄ticaIana］ys［S  
S七atisticalanalysis was performed by  
meansofaJMP⑧5．Osoftwarepackage（SAS  
InstituteJapan）．Dataarepresentedasmean  
士SD．Weusedanon－Parametrictestinthis  
Studyduetothenumberofanimalsused，and  
theviolationofnormalityinsomevariables．  
ValueswereanalysedwiththeXruskal－Wallis  
test．IfstatisticaldifEerenceswere detected，  
theMann－Whitney－Wilcoxontestwas used  
forin ergroupcomparisons．Comparisonsbe－  
tweencontrolands ockvalueswereassessed  
bytheMann－Whitney．Wilcoxontest，eXCePt  
払rMAP，hematocrit，andPaCO2．Diffbrences  
WereCOnSideredsignificantifP＜0．05．  
Resu暮ts  
Esophagealtemperaturewas tightlycon－  
trolledthroughouttheexperimentinallani－  
ma s．EEGwasalsoattenuatedduringhemor→  
rhagichypotensioninallanimals．   
Tab elshowsthephysiologicalvariables，  
CBF，and CMRO2inthethree groups．Un－  
der controIconditions and beforeinduction  
Ofhemorrhagichypotension，therewereno  
Statisticallyslgnificantdifferencesbetween  
groupsinanyofthevariables．  
Withshock，theintendedPaCO21evelscould  
beachievedintherespective groups．MAP，  
hematocrit，andPaO2WerenOtdifferentbe－  
tweengroups．HeartrateinP20Gwassignifiー  
Cantlyhighercompare totheothergroups．  
S rumglucosewas slgnincantlyelevatedin  
allgroups withnointergroup differences．  
Ar七erialpHwas preservedinP20G，While  
decreasinginthe other groups，WithP80G  
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beingmostacidotic．Baseexcessslgnificantly  
decreasedinallgroupswithP80Gbeingmost  
acidotic．SagittalsinuspHalsoslgni且cantly  
decreasedinallgroupswithP80Gbeingmost  
acidotic．   
CBFand CMRO2Were Similar atcontrol  
amonggroups．Hemorrhagichypotensiondid  
not significantlyalterthesevalues within  
achgroup．However，at Shock，animalsin  
theP80Ghadsigni丘cantlyhigher CBFand  
CMRO2COmParedtoP20G，P40G，andP20G，  
respectively．The figure summarises the  
ChangesinCBFandCMRO2．   
Table2shows the cerebraloxidative me－  
Tablel．Physiologicalvariablesundercontroland＄hockcondi七ions．Dataareexpressedasmeanj＝SD．  
P20G   P40G   P80G   
丑odyweigbt（kg）  11．4土1．1   11．4土1．2   10．6土1．1   
Contl・01  
Heart工・ate   203．3土40．6   188．6土38．9   169．0±38．5   
血AP（mmHg）   155．3土26．9   156．6土31．8   152．2土19．3   
Hematocrit（％）   45．4士6．3   47．3土4．6   44．3土4．8   
Esophagealtemperature（OC）   38．0土0．4  38．1土0．5   38．2士0．2   
Ar七erialpH   7．315土0．02   7．289土0．05   7．328士0．03   
Arterialbase excesss －3．7土1．4   ・4．6土2．4   －3．1土1、4   
PaCO2（mmH由   41．6土3．5   42．0士2．2   40．7士1．6   
PaO2（mmHg）   578．3土35，6   578．7士19．6   590．5±27．0   
Sagittal sinus pH 7．254土0．02   7．235土0．04   7．259土0．03   
Glucose（mgdl－1）   157．6土20．0   156．3士20．0   161．8土21．6   
CB万■（mlmin－1）   28．0士8．4   24．4士9．8   28．3土7．4   
CMRO2（mlmin‾1）  1．63土0．46   1．49士0．42   1．78土0．41   
Shock  
HeartI・ate   248．6土28．0如   209．0土22．0   204．5土32．6   
MAP（mmHg）   39．7土1．4   38．3土2．4   37．7土1．5   
Hematocrit（％）   17．8士3．6   23．6土4．6   25．6土7．2   
Esophagealtemperature（OC）   38．4士0．3  38．3士0．6   38．0土0．4   
ArterialpH   7．273土0．11   7．141土0．01＃   6．812士0．05＃あ・e   
Baseexcess   ＿16．9土5．0＃   ＿15．2土5．3＃   ＿26．0土3．1＃e   
PaCO2（mmHg）   17．6土2．4   41．7土4．2   86．7士4．2   
PaO2（mmHg）   595．0土41．8   567．3士34．4   540．7士21．0   
SagittalsinusbloodpH   7．116土0．11＃   7．031土0．10＃   6．736土0．05＃毎   
Glucose（mgdl‾1）   460．1土56．0＃   271．6土56．0＃   379．3士60．5＃   
CBF（mlmin‾1）   22．3土7．5   18．6士2．7   33．3土7．6＃   
CMRO2（mlmin－1）   1．64土0．44   1．45主0．18   2．05土0．26＃   
aslgni丘cantdiffbrencecomparedwithP20GandP40G．  
bsigni丘cantdif艶rencecomparedwithP20GandP80G．  
CSigni丘cantdifferencecomparedwithP40GandP80G．  
＃significantdiffbrencebetweencontroland＄hockconditions．  
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tabolism－relatedvariables sampled atthe  
endof60minofhemorrhagic shock．Brain  
ATP，AI）P，AMPandlactatewerenotsignia－  
Cantlydifferentamongthegroups．However，  
inP80G，Pcrwassignificantlylowerandthe  
L／Pratiowashighercomparedtotheother  
groups．EC was not significantly different  
amongthegroups．  
Discussion  
Inthe present study，PaCO2manlPula－  
tion differentiallyinfluencedboth arterial  
andsagittalsinusbloodpH，andheartrate．  
ArterialpHwaspreservedinP20G，andde－  
CreaSedinP40GandP80G．Judgingbybase  
excessofarterialblood，theseverityofsys－  
temic acidosis was similarinboth P20G and  
P40G．SagittalsinusbloodpHsignincantly  
decreasedinallgroups，beingmostacidotic  
inP80G．Heartratewassignificantlyhigher  
inP20Gascomparedtotheothergroups．The  
mechanismsforthistachycardicreactionare  
unclear，althoughhypocapnlainducedcircula－  
torydepressionmayhavebeenresponsible9）．  
Hyperglycemiadevelopedinallgroupsduring  
Shock，WithmostevidentinP20Gandmoder－  
ateinP40G，however，intergroupdi鮎rences  
WerenOtSignificant（P＝0．064）．Thedevelop－  
mentofmarkedhyperglycemiasuggeststhe  
activatio oftheadreno－SymPatheticsystem．   
ThetargetMAPfbrexsa guinationwasset  
atthe LI．Alevelso thatthe efEbcts ofcarbon  
ioxidereactiv tyon CBFwere eliminated  
Table2．Cerebraloxidativemetabolism－relatedvariables．  
AT‡）   ADP   AR/IP PcI・   
EC   
Lactate   
L／Pratio  
（ドmOlg●1）  仙molg‾1）  （ドmOlg－1）  （けmOlg●1）  仙molg－1）   
P20G  1．34土0．23  0．39土0．11  0．12土0．06  2．28土0．44  0．83土0．04  7．00主2．51  37．8土11．4   
P40G  1．30土0．24  0．33土0．80  0．10土0．04  2．15土0．34  0．85土0．02  4．40土2．26  36．4土15．3   
P80G  1．17土2．30  0．49土0．14  0．23土0．18  1．39土0．35☆  0．76士0．10  5．19土3．06  65．9土20．8☆   
☆：SignificantdifE6rencecomparedwithP20GandP40G．  
ATP：adenosinetriphosphate，AI）P：adenosine diphosphate，AMP：adenosinemonophosphate，Pcr：  
phosphocreatinine，EC：electricalchargepotential，L／Pratio：1actateandpyruVateratio  
CBF  
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Figure．ChangesinCBFandCMRO2duringcontrolandshockconditions．   
CBFandCMRO2WerenOtSignificantlyalteredduring60minofhemorrhagichypotensioninal1  
groups．Wi七hshock，CBFwassignificantlyhigherinP80GcomparedtoP20GandP40G，andCMRO2WaS  
SignificantlyhigherinP80GcomparedtoP40G．   
＃：Significantdi鮎renceamonggroups  
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andonlyPaCO2effectsoncerebraloxidative  
metabolism were evident．TheMAPvalue董br  
IJLAwas determinedbyapilotstudyunder  
normocapnicconditions．However，Carbondi・  
0Ⅹidereactivitycouldnotbefu11yexcludedin  
P80G，inwhichCBFandCMRO2WereSig・ni丘・  
Cantlyhigheratshockcomparedtotheother  
groups．AMAPof40mmHgbeingtheLLA  
COnCurSWithotherstudyusingsimilarhemor・  
rhagichypotensionmodellO），beingdifferent，  
however，fromothermodelusingpharmaco－  
logicalhypotension，1nWhichtheLLAwas  
60％ofcerebralperfusionpressureoraMAP  
of50mmHg7）．Inthepharmacologicalhypo－  
tensionmodel，COntrarytOOurmOdel，aCidosis  
WaSabsentbothinarterialandsagittalsinus  
bloodandEEGattenuationwasnotobserved．  
Weassumethatactivatedadreno－SymPathetic  
SySteminourmodelmighthaveresultedin  
substantialvasoconstrictionandthustheLLA  
wasshiftedtotheleft．   
During60minofhemorrhagichypotension，  
brainacidosiswasdevelopedinallgroups，aS  
indicatedbydecreasedsagittalsinusbloodpH  
andincreasedlevelofbrainlactate and L／P  
ratio，thenormalvaluesofwhicharereported  
tobel・23土0．04LtmOlg‾1andlli＝0，reSPeC－  
tivelyll）・WesurmisedthattheetiologleSOf  
brain acidosisincludedtwo mechanisms．One  
WaSthetransitionofhydrogenionsfromcir－  
culatingbloodthroughthedisruptedBBB4）．  
Theotherwasthelactateproductionatre－  
glOnallyhypoperfusedareasinthebrain．Itis  
reportedduringhemorrhagichypotensionthat  
＞40mlkg－10fexsanguinationcausesunequal  
intracerebralbloodflow distributionto result  
inslgnificantreglOnalvariations12）．since  
bloodwasexsanguinatedbetween41．5to83．3  
mlkg・1inourexperiment，reglOnalischemic  
areas mayhave been takingplace during  
hemorrhagichypotension，althoughCBFwere  
Seeminglyunchanged．ObservedEEGattenu－  
ationalsosupportedtheexistenceofischemic  
reglOnS．Th assumptionmayalsoexplainthe  
COnSistentlylowersagittalsi usbloodpHto  
thatofthearterial．   
Brainacidosisis generallyacharacteristic  
COnditionofbraindamagewiththeexistence  
Ofpersistentr sidualCBF，i．e．incomplete  
global schemiaand raumaticbrainlnJuryl∂）．  
Thus，develop entofbrainacidosisisusu－  
allyaconsequenceofbraindamage．However，  
acidosisperseisknowntodamagethebrain，  
ashydrogenionsareharmfu1toneurons14，15）  
There a eseveralmechanismsproposedre－  
gardi gacidosis－mediatedbraindamage，SuCh  
a th productionofreactiveoxygenspecies16），  
Cellular swellingviaimpaired activity of  
volume－SenSitiveanionchannels17，18），PrOmOte  
theprocessofapoptosis19），andintracellular  
Ca2十increase5・20）．IncreasedintracellularCa2＋  
impalrSmitochondrialfunction，Whichresults  
in the deterioration ofcerebraloxidative me－  
tabolism5）．   
Amongtherapeuticinterventionsto七rea七  
brainacidosis，PaCO2manlPulationisthought  
be simple andpot nttoinfluence boththe  
CBFandbra nacid蠣ba眉eequilibrium．Ithas  
beenreportedthatPaCO2manlPulationmay  
influenceneurologicaloutcomeundercircum－  
StanCeSOftraumaticbrainln〕ury，1nWhichhy－  
POCaPniacausedfurtherexacerbationofpre－  
xistingimpairmentofCBFandCMRO221），  
and ncreasedtheischemicbrainvolume22）．  
Inpat entswithbrainischemia，nOrmOCaPnla  
isrec mmended，however，detailedeffectsof  
thePaCO2StatuSOnneurOnalsurvivaleffects  
havenotb enelucidated23）．Forthetreatment  
Ofhemorrhagichypotensionasso iatedbrain  
acidosis，theexpectedroleofPaCO2manlPu－  
－47－   
Tada，Miura，Oda，Okada，Takata，Takaoka  
1ationistomodulatethebrainacid－baseequト  
1ibriumandthusimproveneuronalenviron－  
ment．   
Deterioration ofcerebraloxidative metabo．  
1ism，Whenassociatedwithbrainischemia，  
advancesgradually．Untilmoderateischemla，  
brainATPremains unchanged due to the  
COnVerSionofADPandPcrtoATP．Then，Pcr  
levelstarts to decrease at severeischemia．  
ReductioninbrainAT‡）1evelsfollows，thus，  
decreaseofECrepresentsamoreseverehy－  
poxicstate24）．ultimatelyATPisdepletedwith  
completeischemia25）．Hence，brainPcriscon－  
sideredtobe amore sensitive marker ofthe  
deterioration of oxidative metabolism than  
brainATP24）．Inthepresentstudy，COnCentra－  
tionsforATP，ADP，AMP，EC，andlactate  
WereSimilaramongthegroups．Pcrwasslg義  
nificantlydecreasedandL／Pratiowasslgnifi－  
CantlyincreasedinP80G，Whereas，P20Gand  
P40Ghadsimilarvalues．Whenreferringto  
therelationshipofischemia－relatedcerebral  
OXidative metabolism deterioration，reduc－  
tion ofPcrin P80Gindicates the occurrence  
Ofmoderateto severeischemia equivalent  
insult，althoughCBFwashighercomparedto  
theothergroups．AnincreasedL／Pratioalso  
indicatestheexacerbationofanaerobicmetab．  
01ism．Theeffectsofhypocapniaandnormo－  
CaPniaoncerebraloxidativemetabolismwere  
Similar．Sinceourstudywasconductedunder  
COnditions ofacutehemorrhagicshock，itis  
notknownifPaCO2manlPulationdifferen－  
tiallyafrectslong－termneurOlogicaloutcome．  
However，fromthestandpointofpreserving  
Cerebraloxidativemetabolism，hypercapnia  
ShouldbeavoidedandhypocapnlaOrnOrmO－  
CaPniashouldbeappliedduringhemorrhagic  
Shock．Consideringthepossiblecirculatory  
andhyperglycemice鮎ctsofhypocapnia，nOr－  
mocapniamightbetheappropriateventila－  
torystrategy．  
Inconclusion，theeffectofdiff6rentPaCO2  
manlPulationsoncerebraloxidativemetabo－  
1ismwasstudiedusingadogmodelofhem－  
Orrhagichypotension．Hypotension atLLA  
levelproducedbrainacidosisinspiteofthe  
maintenanceofCBFandCMRO2．Theeff6cts  
OfPaCO2manlPulationoncerebraloxidative  
metabolismweresimilarinhypocapniaand  
normocapnla，beingworsewithhypercapnla．  
NormocapnlaWaSCOnSideredtobetheapproN  
Priateventilato ystrategyduringhemorrhag－  
ichypot nsion，aShypocapniaaccompanied  
markedtachycardiaandhyperglycemia．  
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